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Abstract

N o n c o r o n a  h ig h  t e m p e r a t a r e  e l e c t r o s t a t i c  p r e c i p i t a t io n  ( N H T E P )  

u t iliz e s  s o m e  m a t e r i a l s  w h ic h  h a v e  g o o d  p r o p e r t i e s  o f  h e a t  e m is s io n  to  

f a b r i c a t e  e l e c t r o d e s ,  s o  a s  to  m a k e  th e  d u s t  p a r t i c l e s  c h a r g e d  a t  h ig h  

te m p e r a tu r e .  T h e  c h a r g e d  p a r t i c l e s  a r e  c a u g h t ,  w h ic h  i s  c a u s e d  b y  t h e  e f . 

fe e t o f  t h e  e l e c t r i c  f ie ld  f o r c e ,  t h u s  t h e  d u s ty  g a s  c a n  b e  c la r i f ie d .

B e c a u s e  o f  u s in g  g a s e o u s  t h e r m a l  e n e r g y  i t s e l f ,  th e  N H T E P  s u it s  

s p e c ia lly  t o  c l a r i f y  t h e  h ig h  t e m p e r a t u r e  f lu e  g a s  f o r  g a s - s t e a m  c o m ­

b in e d  c y c le ,  M H D - s t e a m  c o m b i n e d  c y c le  g e n e r a t i o n ,  a n d  c o a l  

g a s i f i c a t io n ,  e t c .

T h e  p r im a r y  r e s u l t s  o f  o u r  e x p e r i m e n t a l  r e s e a r c h  a n d  c a l c u l a t i o n  

sh o w  t h a t  N H T E P  h a s  t h e  c h a r a c t e r i s t i c s  o f  c o r o n a  e l e c t r o s t a t i c  p r e c ip i .  

ta t io n . I n  a d d i t i o n ,  i t  a l s o  h a s  m a n y  a d v a n t a g e s  o f  t h e  s t r u c t u r e  s im p le ,  

th e  v o lu m e  s m a l l ,  t h e  e m i t t i n g  c u r r e n t  d e n s i t y  la r g e r ,  t h e  c o n t r o l  e a s y  

an d  th e  e l e c t r i c  f ie ld  s t r o n g e r  a n d  w e ll  d is t r ib u t e d .

1.Introduce

E l e c t r o s t a t i c  p r e c i p i t a t io n  w a s  u s e d  w id e ly , b e c a u s e  o f  i t s  h ig h  e f f i ­

c ie n c y , lo w  r e s i s t a n c e  a n d  l a r g e  c a p a b i l i t y  o f  r e m o v in g  d u s t . B u t  so  f a r ,  

th e e l e c t r o s t a t i c  p r e c i p i t a t o r s  a r e  a l l  b a s e d  o n  t h e  c o r o n a  e m is s io n ,  r e ­

q u ir in g  a  c a t h o d e  w ith  s p e c i a l  s t r u c t u r e  w h ic h  c a n  c a u s e  a n  e x t r e m e ly  

n o n - u n i f o r m  e l e c t r i c  f ie ld  s o  t h a t  t h e  c o r o n a  c a n  b e  s t a r t e d  u p . T h e  p re -  

ca p ita t io n  e f f i c i e n c y  is  g r e a t ly  d e p e n d e n t  o n  t h e  m a x im u m  e l e c t r i c  f ie ld  

th a t  c a n  b e  a p p l ie d  w i t h o u t  b o t h  t h e  s p a r k o v e r  a n d  th e  o n s e t  o f  b a c k  c o ­

r o n a . H o w e v e r ,  u n d e r  t h e  h ig h  t e m p e r a t u e r  a n d  th e  a t m o s p h e r e , t h e  d i f ­

fe r e n c e  b e tw e e n  t h e  v o l t a g e  o f  t h e  s p a r k o v e r  a n d  t h a t  o f  th e  s t a r t in g  u p  

c o r o n a  is so  s m a l l  t h a t  t h e  r a n g e  o f  i ts  o p e r a t i o n  is  v e r y  n a r r o w . U n d e r  

th e a t m o s p h e r e ,  t h e  h i g h e s t  o p e r a t i n g  t e m p e r a t u r e  o f  c o r o n a  

e le c t r o s t a t i c  p r e c i p i t a t o r  ( E S P )  is  a b o u t  3 5 0 t ?  — 4 0 0 t  . I t  c a n  n o t  m e e t  

th e  n e e d s  f o r  m a n y  e n g in e e r in g  a s p e c t s ,  s u c h  a s  M H D —S t e a m  c o m b in e d  

c y c le  g e n e r a t i o n ,  c o a l  g a s i f i c a t i o n  a n d  g a s —s t e a m  c o m b in e d  c y c le  g e n e r -  

a t io n ,  e t c .  in  w h ic h  t h e  h ig h  t e m p e r a t u r e  d u s ty  g a s  n e e d s  to  b e  c le a n e d .

I t  is  w e ll  k n o w n  t h a t  e v e r y  s u b s t a n c e  h a s  t h e  a c t iv e  e n e r g y  i t s e l f ,  

w h en  h e a t e d  to  e n o u g h  h ig h  t e m p e r a t u r e ,  th e  s u b s t a n c e  w il l  h a v e  c a p a ­

b ility  o f  e m it t in g  f r e e  e l e c t r o n .  A c c o r d i n g  to  th is  p r in c ip le ,  a n  id e a  h a d  

b e en  p u t  f o r w a r d  t o  u s e  t h e  c a t h o d e  e m is s io n  a s  a n  e le c t r o n  s o u r c e  o f  

th e  e l e c t r o s t a t i c  p r e c i p i t a t i o n ,  a n d  m a n y  s t a t i c  te s t s  o n  h e a t  e m it t in g  

c h a r a c t e r i s t i c s  o f  v a r i o u s  m a t e r i a l s  in  t h e  a t m o s p h e r e  c o n d i t i o n  w e re  

d o n e  in  1 9 8 5 ,  a n d  s o m e  m a t e r i a l s  o f  l o w e r  io n iz in g  p o t e n t i a l  h a v e  b e e n  

o b ta in e d . T h e  e m i t t i n g  c u r r e n t  is  o f  th e  o r d e r  o f  o n e  o r  tw o  m o r e  t h a n

t h a t  o f  E S P [ 2 j .  T h e  r e la t io n s h ip  b e tw e e n  th e  e m it t in g  c u r r e n t  d e n s ity  

a n d  t h e  t e m p e r a t u r e  is  s h o w n  in  F i g u r e  1.

F i g u r e  l . T h e  r e la t io n s h ip  b e tw e e n  e m it t in g  c u r r e n t  a n d  

te m p e r a t u r e .

B a s e d  o n  th e s e  s t a t i c  te s t s ,  th e  r e s e a r c h  a n d  d e v e lo p m e n t  o f  th e  

N H T E P  h a v e  b e e n  c a r r i e d  o u t  s in c e  1 9 8 6 .  A t  f i r s t ,  w e  d id  in v e s t ig a t io n s  

o f  N H T E P  o f  b o t h  s i n g l e - s t a g e  a n d  t w o —s ta g e  w ith  e m p h a s is  o n  th e  

la te r .

I n  c h a r g e d  s e c t io n  o f  th e  t w o - s t a g e  p r e c i p i t a t o r ,  w h e n  t h e  c a t h o d e  

is h e a te d  to  e n o u g h  h ig h  t e m p e r a t u e r ,  t h e  e m is s io n  o f  e le c t r o n  w ill 

o c c u r .  T h e n ,  th e  d u s t  p a r t i c l e s  a r e  c h a r g e d  a n d  t h e  c h a r g e d  p a r t i c le s  a re  

c a u g h t  in  th e  c o l l e c t i o n  s e c t io n  W h e n  th e  e x t r a  v o l t a g e  o n  th e  e le c t r o d e  

in t h e  c h a r g e d  s e c t io n  is  lo w e r  t h a n  t h a t  in  t h e  c o l l e c t i o n  o n e ,  th e  

tw o —s ta g e  N H T E P  c a n  a ls o  b e  o p e r a t e d  s ta b ly .  In  a d d i t io n ,  a  s p e c ia l  

s t r u c t u r e  o f  c a t h o d e  a p p e a r s  to  b e  n e c e s s a r y  in  c o l l e c t i o n  s e c t io n  n o  

lo n g e r .  T h e r e f o r e ,  t h e  p r o b le m  a b o u t  i n s u la t io n  a t  h ig h  te m p e r a t u r e  c a n  

b e  s o lv e d  e a s i ly .  I t s  e x t r a  e l e c t r i c  f ie ld  in  t h e  c o l l e c t i o n  s e c t io n  is  s t r o n g e r  

th a n  t h a t  o f  E S P  a n d  w e ll  d is t r ib u t e d .  T h e  v o l t a g e  o f  th e  c o l le c t io n  s e c  

t io n  is  1 0 5 0 0 v ( E  =  3 0 0 k v  /  m ) w i t h o u t  th e  s p a r k o v e r  a t  th e  t e m p e r a t u r e  

6 0 0 1  a n d  t h e  a t m o s p h e r e  p r e s s u r e .  A s  c o m p a r e d  w ith  E S P ,  w h e n  c o l-  

le c t io n  e f f i c ie n c y  o f  b o t h  E S P  a n d  N H T E P  is  t h e  s a m e , th e  N H T E P  h a s  

m a n y  a d v a n t a g e s ,  f o r  in s t a n c e ,  i t s  c o l l e c t i o n  s e c t io n  b e c o m e s  s h o r t e r ,  th e  

s t r u c t u r e  g e t s  m o r e  c o m p a c t  a n d  i t s  c o s t  is  lo w e r .

2.Structure Design

B e c a u s e  th e  d u s t  p a r t i c l e s  r e m o v e d  a s  w e ll  a s  c h a r g e d  a r e  in  th e
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s a m e  p la c e  o f  t h e  s i n g l e - s t a g e  N H T E P ,  t h e  a c t u a l  l e n g th  o f  t h e  c o l l e c ­

t io n  s e c t i o n  w ill  b e c o m e  l o n g e r  a n d  i t  i s  n e c e s s a r y  t o  a d d  a  g r e a t  h ig h  

v o l t a g e  to  a l l  s e c t i o n .  A s  a  r e s u l t ,  t h e  s t r u c t u r e  o f  s i n g l e - s t a g e  N H T E P  

b e c o m e s  c o m p l i c a t e d  a n d  t h e  d u s t  c h a r g e d  is  c le a n e d  a w a y  w ith  m o r e  

d i f f i c u l t y .

T h e  t w o —s t a g e  N H T E P  c o n s i s t s  o f  t h e  h ig h  t e m p e r a t u r e  g e n e r a t o r ,  

th e  c h a r g in g  s e c t i o n ,  t h e  r e m o v in g  d u s t  s e c t i o n  a n d  t h e  d u s t  b i n ,  e t c .  T h e  

a ll c o m p o n e n t s  a r e  c o n n e c t e d  w ith  f la g e s  s o  a s  t o  h a v e  a d v a n t a g e s  o f  in - 

s t a l l a t i o n ,  a d ju s t m e n t ,  e x p e r i m e n t  a n d  m a i n t e n a n c e .  T h e  s c h e m a t i c  d i a ­

g ra m  o f  th e  e q u i p m e n t  is  s h o w n  in  F i g u r e  2 . T h e  e m i t t e r  in  t h e  c h a r g e d  

s e c t io n  is h e a t e d  b o t h  in s id e  a n d  o u t s id e  s im u l t a n e o u s ly .  T h e r e  i s  a  d u s t  

b in  in t h e  c h a r g e d  s e c t i o n  a n d  t h e r e  a r e  s ix  d u s t  b in s  in  th e  c o l l e c t i o n  

o n e .  T h i s  s t r u c t u r e  is  b e n e f i c i a l  t o  t h e  m e a s u r e m e n t  o f  t h e  p r o p e r t i e s  f o r  

th e  p r e c i p i t a t o r .

F i g u r e  2 . T h e  s c h e m a t ic  d ia g r a m  o f  t h e  N H T E P  

l . c o m b u s t o r ;  2 . a i r  e n t r a n c e ;  3 . n o z z le  f o r  b u r n in g  

4 . d u s t  in le t ;  5 . c h a r g e d  s e c t i o n ;  6 . e m it t e r  

7 . c a t h o d e ;  8 .c o l l e c t i o n  s e c t i o n ;  9 . d u s t  b in

m a in  d e s ig n  p a r a m e t e r s  

c r o s s  a r e a  o f  p r e c i p i t a t o r  7 0  x  1 4 0 m m 2 

v e lo c i t y  o f  g a s  in  t h e  e l e c t r i c a l  f ie ld  0 . 8 ~  1 .2 m  /  s 

s iz e  o f  t h e  p a r a l l e l  p la t e  e le c t r o d e  

( c a t h o d e )  9 0 0  x  8 0 m m  x  m m  

a c t u a l  l e n g th  o f  e l e c t r i c a l  f ie ld  9 6 0 m m  

d i s t a n c e  b e t w e e n  c a t h o d e  a n d  a n o d e  3 5 m m  

s iz e  o f  t h e  e m i t t e r  1 2 0  x l  1 0 m m  x  m m  

o p e r a t i n g  t e m p e r a t u r e  o f  th e  e q u ip m e n t  

lo w e r  t h a n  1 l O O t

t h e  m o s t  o p e r a t i n g  v o l t a g e  o f  t h e  e q u i p m e n t  

3 0 0 0 0 V  a t  e n v i r o n m e n t a l  t e m p e r a t u r e  

1 0 5 0 0 V  a t  th e  t e m p e r a t u r e  6 0 0 f c  

6 0 0 0 V  a t  t h e  t e m p e r a t u r e  5 0 0 t  

r e m o v in g  t h e  d u s t  e f f i c ie n c y  m o r e  t h a n  9 0 %

T h e  d u s t  u se d  is  p r o v id e d  b y  t h e  P o w e r  S t a t i o n  X i a g u a n ,  N a n J i n g .  

T h e  c h a r a c t e r s  o f  t h e  d u s t  a r e  a s  f o l lo w s : 

m e d iu m  d i a m e t e r  d 50 =  2 4 .3 p m  

t r u e  s p e c i f i c  w e ig h t  2 . 1 2 g /  c m }

T h e  d is p e r s i t y  o f  t h e  d u s t  i s  g iv e n  b y  T a b l e  1.

T a b l e  1 .D i s p e r s i t y  o f  t h e  d u s t  m e a s u r e d  b y  t h e  m e t h o d  o f  B a r k  

C e n t r i f u g a l  C l a s s i f i c a t i o n ________________________________ ________________ _______
d ia m e te r  o f  d u a t p a r t ic le

jjtn
< 2 2 - 5 5 ~ 1 8 — 10 1 0 - 2 0 2 0 - 3 0 > 3 0

- t .  U 0.3 3 .1 6-0 5.1 2 5 .7 41 .7

A  r e l a t i o n  p l o t  o f  t h e  d u s t  m a s s  r e s i s t i v i t y  a g a i n s t  t h e  te m p e r a t u r e  is 

s h o w n  in  F i g u r e  3 .

PUL'M)

F i g u r e  3 .T h e  v a r i a t i o n  o f  t h e  s p e c i f i c  m a s s i v e  r e s is t iv i ty  o f  th e  dust 

v s  t h e  t e m p e r a t u r e

S .T h e  e x p e r im e n t a l  r e s u lt s  a n d  th e  t h e o r e t i c a l  a n a ly s e s

3 . 1 . T h e  m e c h a n i s m  t o  m a k e  t h e  d u s t  p a r t i c l e s  c h a r g e d  

T o  m a k e  d u s t  p a r t i c l e s  c h a r g e d  is  o n e  o f  t h e  m a in  p r o c e s s e s  o f  p re­

c i p i t a t io n .  T h e r e  a r e  t w o  m e c h a n i s m s  in  t h e  c h a r g in g  p a s s .  O n e  is e lec­

t r i c  f ie ld  c h a r g in g  a n d  t h e  o t h e r  d i f f u s i o n  c h a r g i n g .  T h e  la t e r  is  p rin c ip le  

f o r  a  t w o —s t a g e  N H T E P ,  b e c a u s e  t h e  e x t r a  v o l t a g e  o n  th e  tw o -s ta g e  

N H T E P  is  lo w e r  a n d  t h e  e l e c t r i c  f ie ld  is  w e a k e r .  O n  t h e  o t h e r  h a n d , the 

t e m p e r a t u r e  is  h i g h e r  a n d  t h e  h e a t  v e l o c i t i e s  o f  e l e c t r o n s ,  io n s  a n d  dust 

p a r t i c l e s  a r e  g r e a t e r .  T h i s  v ie w  h a s  b e e n  p r o v e d  b y  t h e  r e s u lt s  o f  th e o re t­

i c a l  c a l c u l a t i o n .  T h e  c h a r g e  q u a n t i t y  o f  e l e c t r i c  f ie ld  c h a r g in g  a n d  th a t  o f 

d i f f u s io n  c h a r g in g  a r e  t a k e n  i n t o  a c c o u n t  b y  t h e  f o l l o w i n g  tw o  eq u a tio n s  

r e s p e c t i v e l y j l ] ,

q ' =  I 2 n a \ t • E t (1)

akT , *aVN e tq = --------In {l 4- -------- --- -------)e kT Q)
h e r e  q ( c h a r g e  q u a n t i t y  o f  e l e c t r i c a l  f ie ld  c h a r g i n g ,c ;  

a — d i a m e t e r  o f  d u s t  p a r t i c l e ,m ;  

q 0— e l e c t r i c  C o n s ta n c e

q 0 =  8 .8 5  x  1 0 ”2c /  v • m ;

E q— e l e c t r i c  f ie ld  s t r e n g t h s  /  m ';  

q c h a r g e  q u a n t i t y  o f  d i f f u s i o n  c h a r g i n g ,c ;  

k — B o l t z m a n  C o n s t a n c e , J  /  k ; 

e — e le c t r o n  c h a r g e  n u m b e r ,c ;

T — t h e  g a s  t e m p e r a t u r e ,K ;

t  t h e  t im e  o f  th e  d u s t  p a r t i c l e  p a s s in g  th r o u g h  th e  ch arged  

s e c t i o n  w ith  g a s  f lo w ,s ;

U
~ v~
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H — t h e  le n g t h  o f  t h e  c h a r g i n g  s e c t i o n  ,m  ;

V , — t h e  v e l o c i t y  o f  t h e  c o r e  g a s  f lo w  in  i n l e t , m  /  s  ;

N t — a v e r a g e  n u m b e r s  o f  c h a r g e d  p a r t i c l e s  in  t h e  u n i t  v o lu m  

,N u m b e r s  /  m J ;

V— a  r o o t —m e a n  s q u a r e  o f  i o n i c  h e a t  v e lo c i t y  ,m  /  s ;

T h e  c a l c u l a t i o n  r e s u l t s  a r e  l is te d  in  T a b l e  2  ,a n d  i t  s h o w s  t h a t  c h a r g e  

q u a n t it y  o f  d i f f u s io n  c h a r g i n g  is  o f  t h e  o r d e r  o f  o n e  o r  tw o  m o r e  th a n  

th a t  o f  e l e c t r i c  f ie ld  c h a r g i n g  .T h e r e f o r  ,e l e c t r i c  f ie ld  c h a r g i n g  c a n  b e  

n e g le c te d .

T a b l e  2  C a l c u l a t i n g  v a lu e  o f  t h e  c h a r g e  q u a n t i t y

c h a r g e  ty p e

p a r t i c l e s  
d i a m e t e r  p m

'l l

c

q

c

0 .5 1 .1 9  x  1 0 ' " 1 . 1 3 x 1 0 ' "

5 1 .1 9  x  1 0 ' 16 1 .5 5  x  1 0 ' 15

9 3 .8 6  x  1 0 " 14 2 .6 3  x  1 0 ' 15

3 .2  V —I  C h a r a c t e r i s t i c

A s  m e n t io n e d  a b o v e  , t h e  e l e c t r o n s  a r e  p r o d u c e d  b y  th e  h e a t  e m is ­

s io n  o f  th e  s u b s t a n c e  in  t h e  N H T E P .  T h e  e l e c t r o n s  c a n  n o t  e s c a p e  f r o m  

th e  s u r f a c e  o f  b o d y  a t  th e  e n v i r o n m e n t a l  t e m p e r a t u r e .  W h i l e  h e a t e d ,  th e  

e n e rg y  o f  e l e c t r o n s  o f  t h e  s u b s t a n c e  in c r e a s e s  q u ic k ly  b e c a u s e  o f  t h e r m a l  

m o v e m e n t  o f  i t s  m o l e c u l e s .  W h e n  t h e  e n e r g y  is  m o r e  t h a n  t h e  s u r f a c e  

fre e  e n e r g y , t h e  e l e c t r o n s  w il l  e s c a p e  f r o m  t h e  s u r f a c e  o f  b o d y  .T h e s e  e s ­

c a p e d  e l e c t r o n s  w il l  f o r m  e l e c t r o n  c l o u d  n e a r  t h e  e m it t e r ,  w h ic h  i s  c a l le d  

th e s p a c e  c h a r g e .  I f  a  c o n d u c t o r  ( a n o d e )  i s  s e te d  n e a r  t h e  e m i t t e r ,  w h e n  

its v o l ta g e  i s  h ig h e r  t h a n  t h a t  o f  t h e  e m i t t e r  a n d  a  d i f f e r e n c e  o f  t h e  e l e c ­

tr ic  p o t e n t i a l  is  k e p t ,  t h e  e l e c t r o n s  w il l  s t a b l y  m ig r a t e  f r o m  t h e  e m i t t e r  to  

th e a n o d e , th u s , a n  e m i t t i n g  c u r r e n t  is  f o r m e d .  T h e  v a lu e  o f  t h e  e m it t in g  

c u r r e n t  r e la t e s  to  t h e  t e m p e r a t u r e  a s  w e ll  a s  t h e  v o l t a g e .  T h e  r e l a t i o n s  o f  

the e m it t in g  c u r r e n t  a g a i n s t  th e  t e m p e r a t u r e  a n d  t h e  v o l t a g e  a r e  s h o w n  

in F ig u r e  4 .  a n d  5 .  r e s p e c t i v e l y .  I t  is  s h o w n  f r o m  F i g u r e  4 . t h a t , i f  th e  

v o lta g e  is  n o t  c h a n g e d ,  t h e  e m i t t i n g  c u r r e n t  w ill  in c r e a s e  w ith  t h e  te m - 

p e r a t u r e . l t  h a s  b e e n  c o n f o r m e d  b y  th e  r e s u l t s  o f  m a n y  s t a t i c  t e s t s .  W h e n  

the te m p e r a t u r e  is  c o n s t a n t ,  t h e  e m it t in g  c u r r e n t  i n c r e a s e s  w ith  t h e  e x t r a  

v o lta g e  in  t h e  c h a r g in g  s e c t i o n ,  b u t  w h e n  t h e  v o l t a g e  i n c r e a s e s  t o  a  c e r ­

ta in  v a lu e , t h e  e m i t t i n g  c u r r e n t  a p p r o a c h s  t o  a  c o n s t a n t .  F i g u r e  6  is  

a m o d e l  V - I  c u r v e .  T o  c o m p a r e  F i g u r e  5 w ith  F i g u r e  6 , w e  c a n  f in d  t h a t  

th e e m it t in g  c h a r a c t e r s  o f  t h e  e m i t t e r  s t u d ie d  a g r e e  w ith  t h e  h e a t  e m it ­

tin g  t h e o r y .

F i g u r e  4  R e l a t i o n  p l o t  o f  e m it t in g  c u r r e n t  v s t e m p e r a t u r e .

t e m p e r a t u r e  o f  e m i t t e r  T =  8 5 0 t

r c/M)

F i g u r e 5 .R e l a t i o n  o f  e m it t in g  c u r r e n t  v s  v o l t a g e

Ip

F i g u r e  6 . T h e  m o d e l  V - I  c u r v e  

3 .3  D u s t e r  c h a r a c t e r

B e c a u s e  th e  d u s t in g  r a e c h n is m  o f  e l e t r o s t a t i c  p r e c i p i t a t o r  is  v ery  

c o m p le x  a n d  th e r e  a r e  a  l o t  o f  th e  f a c t o r s  o f  in f lu e n c in g  p r e c ip i t a t io n  e f ­

f i c ie n c y ,  t h e r e f o r e , i t  is  i m p o s ib le  to  u s e  o n ly  t h e o r e t i c a l  c a lc u la t io n  f o r  

in d u s t r i a l  d e s ig n  ,b u t  n e c e s s a r y  to  la y  s t r e s s  o n  t h e  e x p e r im e n t a l  

r e s e a r c h .  T h u s ,  b a s e d  o n  t h e  s i n g l e - s t a g e  N H T E P ,  a n  e x p e r im e n t a l  

e q u i p m e n t  o f  t w o - s t a g e  N H T E P  w a s  s e t  u p  a n d  m a n y  e x p e r im e n t a l  re- 

s e a r c h s  o n  i t  w e r e  c o m p le t e d ,  in c lu d in g  t h e  n a t u r a l  d e p o s i t io n  o f  d u s t  

p a r t i c l e s ,  v a r i a t i o n  o f  d u s t in g  e f f i c ie n c y  a g a i n s t  t e m p e r a t u r e  in  c h a r g in g  

s e c t i o n  a n d  th e  v a r i a t i o n  o f  t h e  d u s t in g  e f f i c ie n c y  a g a in s t  th e  v o l t a g e  in 

t h e  c o l l e c t i o n  s e c t i o n ,  e t c .  T h e  t h e o r e t i c a l  c a l c u l a t i o n  f o r  th e  t w o - s t a g e  

N H T E P  h a s  b e e n  d e v e lo p e d , t o o .  T a b l e  3 . g iv e s  th e  m o d e l  e x p e r im e n t a l  

r e s u lt s .
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T a b l e  3 . T h e  e x p e r im e n t a l  r e s u l t s  o f  t w o - s t a g e  N H T E P

*  l i t

te m p e r­

a tu re

vo lta g e  o f  

c h a rg in g  

•e c tio n

c o lle c tin g

vo lta ge

gas

v e lo c ity

dust 

d e n s ity  

a t in le t

d u s tin g

e fflce n cy

C V V m /  • %

1 0 0 0 0.93 5.+8 32.3

2 760 0 0 1.07 5 .3* 33.8

3 720 0 7,500 1.37 6.32 60.1

+ 720 0 9,500 0.9+ 6.9+ 65.3

5 720 0 10,000 1.37 5.68 63 6

6 720 0 10,500 0.9+ 6.21 72.6

7 7+0 0 10,500 0.70 7.39 77.3

8 760 0 10,500 0.70 8.90 83.6

9 770 0 10,500 1.05 6.80 8 5.3

10 720 500 7,500 1.37 6.61 78.2

I I 720 500 9,000 1.37 3.+0 82.9

12 720 500 10,000 1.37 4.83 90.3

13 720 +00 10,500 1.30 3.06 93.1

14 760 500 9,000 1.+3 3.38 95.9

15 770 300 9,000 0.9+ 3.38 96.5

*  T h e  t e m p e r a t u r e  is  t h a t  o f  th e  g a s .  T h e  h e a t  lo s s  b e tw e e n  t h e  g a s  

f lo w  a n d  th e  t h e r m o c o u p le  t u b e  a n d  b e tw e e n  t h e r m o c o u p le  t u b e  a n d  

t h e r m o c o u p le  a r e  n o t  r e v is e d . T h e  g a s  t e m p e r a t u r e  m e a s u r e d  b y  th e  

H e a t  S p y  I n f r a r e d  T h e r m o m e t e r  is  a b o u t  lO O fc h ig h e r  t h a n  t h a t  b y  th e  

t h e r m o c o u p le .

A s  s t a t e d  a b o v e , t h e  c o l l e c t i n g  e f f i c ie n c y  is  r e la t e d  t o  m a n y  f a c t o r s .  

W e  c a n  n o t  s tu d y  e a c h  o f  th e m  b e c a u s e  o f  l im ite d  t im e . T h e  f i r s t ,  w e  h a d  

m a d e  r e s e a r c h  o n  th e  v a r i a t i o n  o f  t h e  d u s t in g  e f f i c ie n c y  a g a i n s t  t h e  t e m ­

p e r a t u r e  o f  e m it t e r  a n d  e l e c t r r i c  v o l t a g e  c o l l e c t e d .  F i g u r e  1 a n d  8  is  a  r e ­

la t io n  c u r v e  o f  d u s t in g  e f f i c ie n c y  a g a i n s t  t e m p e r a t u r e  a n d  v lo t a g e  

r e s p e c t iv e ly . F ig u r e  7 a n d  8 s h o w  t h a t  c o l l e c t i o n  e f f i c ie n c y  in c r e a s e s  w ith  

b o th  t e m p e r a t u r e  a n d  c o l l e c t i n g  v o l t a g e .A s  w e  k n o w , th e r e  a r e  f o u r  

f o r c e s  w h ic h  a c t  o n  t h e  c h a r g e d  p a r t i c l e s  s u s p e n d e d  in  g a s  f lo w , i .e . t h e  

g r a v ity , t h e  e le c t r i c i t y ,  t h e  v is c o s i t y  r e s i s t a n c e  a n d  th e  

in e r t r e s s .G e n e r a l l y ,  t h e  g r a v i t y  a n d  t h e  i n e r t n e s s  c a n  b e  n e g le c t e d  f o r  

f in e  p a r t i c le s .

e m i t t e r 's  v o l t a g e  5 0 0 V  

^  c o l l e c t e r 's  v o l t a g e  9 0 0 0 V

o - v a l u e  o f  c a l c u l a t i o n

x - e x p e r i m e r t a l  v a lu e

F i g u r e  7 . T h e  v a r i a t i o n  o f  d u s t in g  e f f i c ie n c y  tj v s  t e m p e r a t u r e  T

e m i t t e r 's  v o l t a g e  5 0 0 V  

g a s  t e m p e r a t u r e  7 2 0 t

o -------------v a lu e  o f  c a l c u l a t i o n

x----------experimental value

F i g u r e  8  T h e  v a r i a i t o n  o f  d u s t in g  e f f i c i e n c y  ij v s  c o l l e c t i n g  v o lta g e  V

T h e  p a r t i c l e s  c h a r g e d  w il l  m i g r a t e  to  a n o d e  u n d e r  th e  a c t  o f  e le c tr ic  

f ie ld  f o r c e , t h e  r e g u l a r  p a t t e r n  o f  m o v e m e n t  o b e y s  N e w t o n 's  la w  o f  clas- 

s i c  m e c h a n i c s  .T h e  m i g r a t o r y  v e l o c i t y  is  s o lv e d  b y  f o l lo w in g  e q u a t io n  fo r 

t h e  f in e  p a r t i c l e s  [11
W =  qE /  6 n a i j  (3 )

h e r e  W — m ig r a t o r y  v e lo c i t y  o f  c h a r g e d  p a r t i c l e s ,m  /  s; 

q — c h a r g e  q u a n t i t y  o f  p a r t i c l e s ,  c

E , — e l e c t r i c  f ie ld  s t r e n g t h  b y  c o l l e c t i n g  e l e c t r o d e ,v  /  m ;

a — d i a m e t e r  o f  p a r t i c l e  ,m ;

»l— v is c o s i t y  f a c t o r  o f  a ir  a t  n o r m a l  p r e s s u r e

T h e  e q u a t i o n  m e n t i o n e d  a b o v e  s h o w s  t h a t  t h e  v a r ia t io n  o f  th e  mi 

g r a t i n g  v e lo c i ty  is  in  r e l a t i o n  to  th e  c h a r g e  q u a n t i t y  o f  p a r t i c le  an d  the 

e l e c t r i c  f ie ld  s t r e n g t h  o f  c o l l e c t i o n  s e c t i o n .T h e  h i g h e r  te m p e r a t u r e  is, the 

e m i t t i n g  c u r r e n t  w il l  b e . A s  a  r e s u l t ,  t h e  c h a r g e  q u a n t i t y  o f  p a r t ic le s  will 

in c r e a s e .  T h e  m i g r a t i n g  v i lo c i t y  o f  t h e  p a r t i c l e  c h a r g e d  i n c r e a s e s  w ith in 

c r e a s e  o f  t h e  c h a r g e  q u a n t i t y .  T h e  i n c r e a s e  o f  t h e  e l e c t r i c  f ie ld  stren g th  

w il l  a l s o  le a d  t o  i n c r e a s e  o f  m i g r a t i n g  v e l o c i t y .  W e  k n o w , th e  v a ria tio n  

o f  c o l l e c t i o n  e f f i c i e n c t  w ith  t h e  m i g r a t i n g  v e lo c i t y  is  in  e x p o n e n t ia l  re la ­

t io n  [ l j .

q 1- exp(l- (4 )

f

h e r e  i j t— c o l l e c t i n g  e f f i c i e n c y ;

A  /  V  — s p e c i a l  c o l l e c t i n g  a r e a ;

W — m i g r a t i n g  v e l o c i t y .

A  r i s e  in  th e  m i g r a t i n g  v e lo c i t y  is  o f  a d v a n t a g e  f o r  in c r e a s in g  the 

c o l l e c t i n g  e f f i c i e n c y .  T h e  e x p e r i m e n t a l  r e s u l t s  m e n t io n e d  a b o v e  p o in t 

o u t  t h a t  t h e  d u s t in g  p e r f o r m a n c e  o f  N H T E P  d e s ig n e d  b y  us is c o n ­

f o r m e d  w ith  t h e o r e t i c a l  a n a ly s e s .

I t  is  s h o w n  f r o m  T a b l e  2 .  t h a t  t h e  p e r f o r m a n c e  o f  N H T E P  h a s  m et 

d e s ig n  r e q f o r e m e n t s .T h e  m o s t  c o l l e c t i n g  e f f i c i e e n c y  is  9 6 .5 %  .

E x c e p t  u s in g  a l l  c o l l e c t i n g  e f f i c i e n c y  t o  e x p r e s s  t h e  d u s t in g  p e rfo rm  

a n c e , i t  c a n  a ls o  b e  e x p r e s s e d  b y  t h e  s e c t i o n  e f f i c ie n c y  a n d  t h e  c h a r a c te r ­

i s t i c  o f  c o l le c t e d  d u s t .

T h e  d iv e r g e n c e  o f  c o l l e c t e d  d u s t  m e a s u r e d  b y  th e  m e t h o d  o f  B ark  

C e n t r i f u g a l  C l a s s i f i c a t i o n  is  s h o w n  in  T a b l e  4  .
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T a b l e  4 .  S c a t t e r e d  d e g r e e  o f  c o l l e c t e d  d u s t  in  N H T E P .

\  d ia m e ter  

^ w t % \  pm

N o > ' < \

< 2 2 - 5 5 - 8 8 - 1 0 1 0 - 2 0 2 0 - 3 0 > 3 0

1 0 .7 6 2 2 .0 3 0 .0 1 4 .2 0 2 6 .2 4 .7 0 2 1 .0

2 2 .2 0 2 1 .2 9 2 5 .4 4 1 2 .4 9 2 6 .5 9 6 .3 4 5 .8 2

3 1 .7 6 2 9 .0 1 2 8 .8 0 1 2 .3 6 2 1 .3 9 4 .4 2 2 .2 4

T h e  d i a m e t e r  o f  d u s t  p a r t i c le  h a s  a d i r e c t  e f f e c t  o n  t h e  m ig r a t io n  v e ­

lo c i t y ,  b e c a u s e  t h e r e  e x i t s  t h e  d i f f e r e n c e  b e tw e e n  i n c r e a s e  o f  c h a r g in g  

q u a n t i t y  a n d  t h a t  o f  d i a m e t e r  o f  p a r t i c le .  T h e  r e l a t i o n  o f  t h e o r e t i c a l  m i­

g r a t i o n  v e lo c i t y  v s  d ia m e t e r  o f  p a r t i c l e  is  s h o w n  in  F i g u r e  9 .

V =  3 0 k v  V s =  1 . 3 6 m / s

I t  is  s h o w n  f r o m  T a b l e  4 . t h a t  th e  d u s t  o f  m e d iu m  d i a m e t e r  le s s  

th a n  1 0 p m  a c c o u n t s  f o r  6 7 - 7 2 %  o f  t h e  t o t a l  w e ig h t  o f  t h e  d u s t .  A p p a r  

e n tly , t h e  c a p a b i l i t y  o f  c o l l e c t i n g  f in e  d u s t  in  t h e  N H T E P  is  q u i t e  h ig h .

T a b l e  5 .  C o l le c t e d  d u s t  q u a n t i t y  in  e a c h  b in

bin  N o .
1 2 3 4 5 6 7

i 3 2 .8 1 7 .2 2 6 .7 12 .9 6 .0 2 .6 1 .7

2 2 5 .2 1 8 .5 2 3 .7 14.1 8 .7 5 .7 3 .6

3 3 1 .0 2 2 .2 2 2 .8 1 1 .9 6 .0 3 .4 1.7

w(c>n/$j

I t  is  s h o w n  f r o m  T a b l e  5 . t h a t  t h e  c o l l e c t i n g  p r o c e s s  in  N H T E P  is  in  

a c c o r d a n c e  w ith  t h e  r u le  o f  g e n e r a l  E S P .  B e c a u s e  N o . l  b in  is  s e t  u p  in  

c h a r g in g  s e c t i o n , t h e  d u s t  q u a n t i t y  in  i t  is  o f  t h e  m o s t . I t s  e x p la n a t i o n  is  a s  

fo l lo w s :

1 .  A11 o f  t h e  c h a r g i n g  s e c t io n  u s e  a  f u n n e l  a s  b in  w h o s e  le n g t h  is  

m o r e  th a n  t h a t  o f  e a c h  b in  o f  c o l l e c t i n g  s e c t io n .

2 .  W h e n  t h e  d u s ty  g a s  p a s s e s  t h r o u g h  t h e  c h a r g in g  s e c t i o n , t h e  d e n s i-  

ty o f  th e  d u s t  c o n t a i n e d  in  t h e  g a s  f lo w  is  o f  th e  la r g e s t .

3 .  T h e r e  a r e  f o u r  a r r a y s  o f  e m it t e r  in  th e  c h a r g in g  s e c t i o n  f r o m  th e  

e m it te r  t o  th e  a n o d e ,  t h e  m o s t  n e a r  d i s t a n c e  to  t h e  a n o d e  is  a b o u t  5 m m , 

b u t e x t r a  v o l t a g e  o n  t h e  c h a r g i n g  s e c t i o n  c a n  g e t  5 0 0 v , t h e  e l e c t r i c  f ie ld  

s tre n g th  b e t w e e n  t h e  m o s t  n e a r  tw o  e le c t r o d e s  is  a b o u t  

1 0 0 K V  /  m , t h e r e f o r e , i t  is  p o s s i b l e  t h a t  t h e  c h a r g in g  s e c t i o n  h a s  s e v e r a l  

c a p a b i l i ty  o f  d u s t in g .

I t  i s  p o s s ib le  t h a t  t h e  b o u n d a r y  e f f e c t  o f  e l e c t r i c  f ie ld  w il l  le a d  t o  d e ­

c r e a s e  o f  t h e  d u s t  q u a n t i t y  in  N o .2  b in ,  l e s s  th a n  t h a t  in  N o . 3 b in .

M e d iu m  d i a m e t e r  o f  c o l le c t e d  d u s t  in  e a c h  b in  is  s h o w n  in  T a b l e  6 .

T a b l e  6 .  M e d iu m  d i a m e t e r  o f  c o l l e c t e d  d u s t  in  e a c h  b in

m e d ta o k  b in  N o . 

d ia .^ a i

^  \

N o . ~

1 2 3 4 5 6 7

1 1 0 .5 7 .5 6 .8 6 .7 6 .2 6.1 6.1

2 1 2 .5 8 .1 7 .5 7 .3 6 .8 7 .0 7 .0

3 1 0 .7 6 .1 6 .0 5 .6 5 .4 5 .4 5 .4

F i g u e r  9. T h e  v a r i a t i o n  o f  t h e o r e t i c a l  m ig r a t io n  v e lo c i ty  o f  

p a r t i c le  v s  i t s  d ia m e t e r .

S i n c e  th e  m ig r a t io n  v e lo c i ty  o f  t h e  p a r t i c l e  in c r e a s e s  w ith  t h e  d e ­

c r e a s e  o f  d ia m e t e r ,  t h e  t h ic k  p a r t i c le s  a r e  c o l le c t e d  b e f o r e  f in e  o n e s  in 

N H T E P  a s  w e ll  a s  in  E S P .  I t  i s  s h o w n  f r o m  d a t a  in  T a b l e  6 . t h a t  th e  d e  

s ig n e d  t e s t  s e c t io n  c o n f o r m s  w ith  th is  r u le  c o m p le t e ly .  I t  is  n e c e s s a r y  to  

p o i n t  o u t  t h a t  th e  m e d iu m  d i a m e t e r  o f  t h e  c o l le c te d  d u s t  p a r t i c le s  is  less  

t h a n  t h a t  o f  p a r t i c le s  a t  in le t .  T h e  r e a s o n  is e x p lo d in g  c r a c k  o f  th e  p a r t i ­

c le s  a t  h ig h  te m p e r a t u r e  w h ile  th e y  e n t e r  in t o  th e  c h a r g in g  s e c t io n .  T h e  

e x p e r i m e n t a l  d a t a  in  T a b l e  6 . a g a in  s h o w  t h a t  th e  t w o —s t a g e  N H T E P  

h a s  a  c a p a b i l i t y  o f  c o l le c t in g  f in e  p a r t i c le s .

4.coocluslau

Through a great quantity of experimental studies and theoretical cat 

culatlon.the two-stage N H T EP has met the designed requirmeots nut only 

lo electrical performance but also (o dusting characters. Buth the thermal 

emitting characteristic of emitter and the collecting efficiency of collecting 

section comform with theoretical analyses. The test section using as exper- 

Imental Investigation has advantages of simple structure, flexibility and 

convenience for adjustability,etc. Because the emitting current strength 

mainly depends on the emitting material and the temperature of the emitter 

and It is not necessary to apply an extra high electric voltage to the emitter 

In charging section, the Insulation problem at high temperature can be 

salved easily. The cathode can be made of a common plate without a re­

quirement of special structure, thus the field strength in collecting section is 

more uniform, thus obtaining the profits on collecting dust and simplifying 

the calculation.
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Because N H T EP belongs (o a creation In the world and many studies 

are just started, ther are many technical problems to be solved In the future, 

(br example the study and the development In emitting mattertal at high 

temperature, the problems of vibration and tapping at high temperature to 

avoid the dust sticking on both anode and cathode, and the preferred design 

of N H T EP's structure, etc. Also, the analyses of dusting mechanism Is 

quite rough and there exist some misfit between the experimental data and 

the theoretical calculation results.
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